Protein-protein interactions play important role in cell biochemistry by favorably or adversely in¯uencing major molecular events. In most documented cases, the interaction is direct between the partner molecules. In¯uence of activity in the absence of direct physical interaction between DNA transaction proteins is another important means of modulation. We show here that single strand binding protein stimulates DNA topoisomerase I activity without direct protein-protein interactions. The stimulation is speci®c to topoisomerase I, as DNA gyrase activity is unaffected by SSB. We propose that such cases of functional collaboration between DNA transaction proteins play important roles in vivo.
Introduction
DNA topoisomerases constitute a group of enzymes that change the topology of the DNA by breaking and resealing the phosphodiester backbone of DNA. These functions of topoisomerases are of vital importance in regulating major macromolecular events. Both prokaryotes and eukaryotes have been shown to possess more than one topoisomerase, possibly evolved to provide division of labor and in certain cases as backup strategies to take care of important cellular functions. 1, 2 The enzymes are mainly divided into two classes based on the differences in reaction mechanisms. Type I enzymes effect topological changes in DNA by transiently cleaving one DNA strand at a time, allowing the passage of another strand followed by religation, leading to a change in the linking number of DNA in single steps. 3 The second class of enzymes (type II topoisomerases) introduce transient double strand breaks, allowing the passage of the intact duplex, and then rejoining the broken duplex changing the linking number in steps of two. Both types of enzymes participate in nearly all cellular transactions and play a role to maintain the chromosomal superhelical density in vivo. Homeostatic control of superhelicity of DNA in the cell is achieved by the contrasting actions of DNA topoisomerase I and DNA gyrase.
Topoisomerases have been studied from diverse organisms ranging from Escherichia coli to humans. 4 These studies have led to the understanding of biochemical properties, domainal organization and the mechanism of action of this important class of enzymes. It is becoming increasingly evident that the in vivo function of topoisomerases is subjected to modulation by other proteins. For instance, Saccharomyces cerevisiae SGS1 protein, a helicase, has been shown to interact with topoisomerase II. 5 The protein was shown to interact with the putative leucine zipper region of topoisomerase II and was proposed to assist in the decatenation reaction. SGS1 also interacts with topoisomerase III, and the physical association between the two proteins seems to function in chromosomal segregation. 6 In a similar way, Pat1, a protein important for chromosome transmission in S. cerevisiae, was found to associate with topoisomerase II. 7 Furthermore, p53 is shown to contact human topoisomerase I and modulates its activity.
of a large number of DNA transaction proteins. Amongst others, DNA polymerases, helicases, single strand binding protein (SSB), topoisomerases, primases, ligase, b-sliding clamp, clamp loaders and replication terminator protein play a decisive role in the events during various stages of replication. Considering their important intracellular functional assignment, it is not surprising that many of these proteins should interact with one another. Studies aimed in this direction have provided evidence for physical interaction in many instances. SSB has been shown to play an important role at the primosome assembly site. 10 After the primer is made, the w-SSB complex displaces the primase, thereby setting the stage for DNA polymerase III to extend the nascent DNA chain.
11
Interaction of DnaG protein with host SSB at the G4ori site is prerequisite during G4 replication initiation.
12 Direct protein-protein interaction is necessary between DnaG primase and DnaB helicase for optimal primer synthesis. 13 In turn, DnaB helicase-replication terminator protein interaction seems to be required for termination of DNA replication.
14 Furthermore, there are many instances of interaction between proteins primarily involved in replication with those in other cellular processes, thereby establishing a link between diverse cellular events. SSB is one major component of the replication machinery that interacts with many proteins, catalyzing a variety of cellular functions. For instance, SSB interacts with RecO and RecBCD, both components of the homologous recombination pathway. 15, 16 SSB also modulates the RecA function in E. coli by destabilizing secondary structures in the substrate DNA. 17 The MucB protein has also been shown to interact with SSB directly. This interaction is proposed to play a critical role in SOS regulated mutagenesis. 18 These ®ndings imply a more signi®cant role for SSB than previously envisaged.
Although DNA topoisomerases play an important role in the replication process, interaction of this group of enzymes with other components of the replication machinery is not well understood. Here, we have considered the interaction of SSB with DNA topoisomerase I and DNA gyrase. While DNA gyrase activity is unaffected, topoisomerase I activity is stimulated by SSB from heterologous sources. Our results highlight the importance of functional collaboration in the modulation of protein activity in the absence of direct association between the proteins.
Results

Stimulation of DNA relaxation activity of two different type I topoisomerases
We investigated the effect of E. coli SSB (EcoSSB) on DNA relaxation activity of the topoisomerase I from two different sources (Figure 1 ). DNA relaxation activity of both mycobacterial (Figure 1(a) ) and E. coli (Figure 1(b) ) enzyme is stimulated in the presence of EcoSSB. Maximum stimulation of relaxation activity of Mycobacterium smegmatis topoisomerase I (MsTop) was observed when 1000fmol of SSB was used (Figure 1(a) ). Further increase in SSB resulted in gradual inhibition of relaxation. The stimulation of DNA relaxation activity of EcoTop was seen in the presence of 6.7 to 33-fold molar excess of EcoSSB with respect to DNA (Figure 1(b), lane 8) . Assuming a binding site of 32 nt, the substrate DNA would be expected to 4 to 20 % saturated with SSB at this range of concentration.
Stimulation of cleavage activity of mycobacterial topoisomerase I by SSB
The reaction mechanism of DNA relaxation by type I A topoisomerases can be dissected into several discrete steps. Initially, the enzyme binds DNA non-covalently, followed by the nicking of one of the strands of DNA, concomitant reaches with the formation of 5
H -phosphotyrosine covalent enzyme-DNA adduct. Subsequently, the intact DNA strand is passed through the nick followed by the regeneration of the phosphodiester bond at the site of nick, with the simultaneous release of the enzyme from the covalent complex. We have previously identi®ed the strong topoisomerase sites (STS) for MsTop. 19 To determine whether SSB was acting at a step prior to cleavage, we assessed the formation of the covalent MsTop-DNA complex in the presence of SSB as described in Materials and Methods. Mycobacterial SSB (MtubSSB) stimulated the covalent complex formation by about threefold (Figure 2 ). Further increase in SSB concentration inhibited the reaction (Figure 2(a) , lanes 7 and 8), and the complex formation is abolished at the highest concentration of SSB tested (Figure 2(a) , lane 9). Similar results were obtained when EcoSSB was used to assess the covalent complex formation with MsTop ( Figure 2(b) ) under identical experimental condition. The maximum stimulation obtained with mycobacterial and EcoSSB was comparable.
Effect of SSB on non-covalent DNA binding
Stimulation of DNA cleavage activity of topoisomerase I could be an indirect result of enhanced DNA binding or because of improved catalysis itself. Therefore, we tested the effect of SSB on DNA binding. Electrophoretic mobility shift assay is a convenient method to assess non-covalent complex formation. The assay would also allow the assessment of direct protein-protein interaction (if any) between topoisomerase I and SSB as shown in case of DnaG protein and SSB. 12 In these experiments, supershifted complex was observed with G4ori-SSB-primase. In another set of experiments, the mobility of SSB-DNA nucleoprotein complex was altered in presence of MucB. 18 When end-labeled STS containing oligonucleotide was incubated with EcoSSB ( Figure 3(a) , lane 2) and MsTop (lane 3), distinct complexes corresponding to EcoSSB-DNA and topoisomerase-DNA complex were formed but no supershifted complex was detected. Pre-incubation of DNA with MsTop ( Figure 3(b) ) or co-incubation with EcoSSB and MsTop did not alter the results. In all these experiments, irrespective of the order of addition, EcoSSB stimulated the formation of the topoisomerase-DNA complex (Figure 3 (a) and (b)), compare lanes 3 to 6). A ®ve-to tenfold increase in EcoSSB concentration interfered with the formation of the topoisomerase-DNA complex. A further increase totally inhibited the DNA binding activity of topoisomerase I (Figure 3(c) ). A speci®c signature complex of either SSB or topoisomerase I with DNA is observed at higher concentration of these proteins. From the data, it is clear that more SSB is required to displace topoisomerase I, re¯ecting higher af®-nity of topoisomerase I to DNA. The SSB, in general, seemed to have lower af®nity to DNA (see below). Very similar results were obtained when MtubSSB was used (instead of EcoSSB) along with MsTop in EMSA experiments (data not shown). A supershifted complex is not observed under any set of experimental conditions ( Figure 3 , unpublished results). Next, we investigated the topoisomerase I-DNA complex formation at a ®xed SSB and varying concentrations of topoisomerase I. This would further assess the role of SSB in stimulation of topoisomerase I activity. The results are presented in Figure 4 . At the concentrations of topoisomerase I used, SSB stimulated the complex formation. It appears, from all these results, that the stimulation of topoisomerase I relaxation activity by SSB is not mediated by direct interaction between the two proteins. Stimulation of topoisomerase I-DNA complex formation and activity in experiments described above by heterologous SSB strengthens this interpretation (see Discussion). On the other hand, it is likely that SSB alters the topology of the DNA duplex and thereby facilitates the binding of topoisomerase I.
SSB alters DNA topology
To analyze the untwisting activity of SSB on the DNA duplex, we performed ligation in the presence of different amounts of SSB and the products were resolved after removing the proteins. In the absence of SSB, phage T4 DNA ligase converted linear pUC18 ( Figure 5 , lane 2) into a slower mov- , more underwound products were formed in a concentrationdependent manner. These results are in agreement with SSB-mediated untwisting of DNA demonstrated earlier. 20 Thus, it is possible that topoisomerase I is preferentially recruited to the regions melted by SSB. In agreement with this, the SSB mediated stimulation of topoisomerase binding to the duplex is comparable to the binding of topoisomerase in the single-stranded context (Figure 4 ).
Topoisomerase I does not directly interact with SSB
Electrophoretic mobility shift assays (Figure 3 ) indicated the absence of direct interaction between topoisomerase I and SSB. However, considering the limitations of the technique we resorted to gel ®ltration analysis of the two proteins from same source ( Figure 6 ). Topoisomerase I and SSB from E. coli were individually loaded onto the column and the elution pattern obtained was compared to the pro®le when both proteins were loaded after co-incubation. The assays were performed at two different ionic conditions, 50 mM and 150 mM. One representative pattern is shown in Figure 6 (a). SDS-PAGE analysis ( Figure 6(b) ) of the pro®le shows the elution of two proteins at different fractions. Identical elution pattern of the two proteins was observed at two different ionic conditions. Similar gel ®ltration analysis with MsTop and SSB also did not reveal any physical association between the proteins. In addition to the above experiments, we carried out immunoprecipitation (Figure 7(a) ) and glutaraldehyde crosslinking experiments (Figure 7(b) ) to address the physical interaction between topoisomerase I and SSB. When co-incubated, SSB and topoisomerase I were subjected to immunoprecipitation using topoisomerase I-speci®c antibody. SSB was detected only in supernatant (Figure 7(a), lane 3) . In a similar way, crosslinking experiments failed to detect interaction between the two proteins. True to their subunit structure, topoisomerase I and SSB migrate as monomer and tetramer, respectively, after crosslinking (Figure 7(b) , lane 6). To further substantiate these ®ndings, we resorted to SPR analysis, a sensitive way of measuring direct interactions. SPR measurements provide a real-time evaluation of the interaction between two proteins. The technique has been used to demonstrate the direct interaction of the w subunit of DNA polymerase III and SSB. 11 Surface plasmon resonance studies have also been used to demonstrate physical interaction between ICP8, an SSB homologue in herpes simplex virus, and the primosome. 21 Initially, MsTop and EcoTop (22.5-500 nmol) were passed over MtubSSB immobilized on a carbooxymethyldextran (CM5) chip. There was no net change in resonance units, suggesting the absence of physical interaction between the two proteins. The immobilized SSB, however, could bind to the oligonucleotide when passed over the biosensor chip. The fact that the immobilized SSB was active was further substantiated by its ability to interact with uracil DNA glycosylase. 22 Since both the SSB and topoisomerase I are DNA-binding proteins, we investigated the possibility of their interaction in the presence of DNA. SPR analyses were carried out using the 24-bp biotinylated oligonucleotides with the recognition sequence for MsTop. 19 Varying concentrations of MsTop were passed over the immobilized oligonucleotide on the SA5 sensor chip. A rapid increase in the RU as a function of time re¯ects the changes in mass during the association phase. Evaluation of the sensogram data yields k 1 and k À1 for the interaction of MsTop with the DNA as 3. (Figure 7(a) ) after the formation of binary complex between DNA and MsTop, no appreciable change in the resonance was detected. Similar results were obtained when MsTop was passed after MtubSSB was bound to the oligonucleotide (Figure 7(b) and Table 1 ). In another set of experiments, the probable interaction of EcoTop and EcoSSB was investigated. Varying concentrations of EcoTop and EcoSSB were individually passed ®rst, and the kinetic and equilibrium parameters governing the interaction between DNA-topoisomerase I and DNA-EcoSSB were obtained (Table 1) . These results were comparable to their mycobacterial counterpart (Table 1) . When EcoSSB was passed over the pre-formed binary complex of EcoTop-DNA, the proteins failed to interact (Figure 7(c) ). Similar results were obtained when EcoTop was passed over the EcoSSB-DNA complex (Figure 7(d) ), thus corroborating the results obtained in the preceding experiments and con®rming the absence of direct protein-protein interaction between the two proteins.
DNA gyrase activity is not stimulated by SSB
Since the stimulation mediated by SSB is independent of direct protein-protein contact, we wanted to analyze the effect of SSB on other topoisomerization reactions. DNA gyrase is the sole supercoiling activity that plays a crucial role to relieve the accumulation of positive supercoils ahead of DNA tracking machines, including the replication fork. In addition, under appropriate conditions, gyrase can perform a variety of topoisomerization reactions. For example, in the absence of ATP it can relax negatively supercoiled DNA. Over the entire range of EcoSSB concentration tested here (200 to 10,000 fmol), there was no discernable effect on the relaxation mediated by E. coli DNA gyrase (Figure 7(a) ). Thus, the SSB mediated stimulation is speci®c to the relaxation reaction of topoisomerase I. Similarly, there was no detectable modulation of the supercoiling activity of the enzyme by SSB (Figure 7(b) ).
Discussion
In this manuscript we demonstrate the importance of functional cooperation between two proteins involved in DNA transaction process. SSB, irrespective of its source, is shown to stimulate the enzymatic action of topoisomerase I, without involving direct protein-protein interactions. While the former is a single strand structure maintenance protein, the latter catalyzes the breakage and religation of covalent bonds altering the physical properties of DNA. SSB-mediated stimulation of DNA relaxation activity is restricted to topoisomerase I and does not extend to all topoisomerases. SSB affects DNA transactions by either of two ways: (i) direct protein-protein interaction, e.g. interactions of SSB with Primase, 11, 12 16 RecA 26 and DNA helicases. 27 In the second mode of interaction, its action could be mediated by in¯uencing topology of DNA. 28, 29 SSB could affect the topological state of the DNA by in¯uencing the function of topoisomerase I or DNA gyrase either by establishing a direct contact or by cooperating functionally. The enhanced DNA supercoiling levels by an SSB allele in vivo 30 suggest an interaction between SSB and the topoisomerases.
Our results indicate that SSB speci®cally stimulates topoisomerase I activity with no detectable effect on DNA gyrase activity. SSB stimulates the ®rst step of the relaxation reaction, i.e. noncovalent interaction between DNA and topoisomerase I. Inhibition of cleavage in the presence of excess SSB, absence of ternary complex in electrophoretic mobility shift assays, gel ®ltration pro®les and optical biosensor studies suggest that the stimulation occurs in the absence of direct proteinprotein communication. A corollary to the functional nature of the cooperation between SSB and topoisomerase I is that we see a similar modulation even when proteins from heterologous sources are used. This is in contrast to the known pattern of interaction between proteins where the homologous partners participate, while the heterologous counterparts do not. For instance SSBs and uracil DNA glycosylases from E. coli and M. tuberculosis do not interact in heterologous combination. 22 In E. coli, SSB speci®es the site of priming activity of DnaG only when homologous SSB is used. 12 Similarly, a speci®c physical interaction was demonstrated between ICP8, an SSB homologue in herpes simplex virus, and UL8 subunit of the primase. EcoSSB is unable to substitute for ICP8. 21 The DNA duplex in the bacterial cell is covalently closed and maintained in an underwound state. This topological state has a higher intrinsic free energy and therefore thermodynamically favors processes that require melting or denaturation of the DNA duplex. The unwinding of the DNA strands during replication followed by the tracking of the replication machinery generates positive supercoils ahead and negative supercoils behind the fork. 31 Gyrase, by its ability to introduce negative supercoils, reduces the accumulation of the positive supercoils ahead while topoisomerase I is believed to reduce the topological strain behind. 32 SSB facilitates the movement of the fork by maintaining the DNA in a single-stranded state behind the gyrase. Since SSB does not bind to the positively supercoiled DNA, it does not affect the gyrase activity. Due to its large local concentration in the vicinity of the fork and preference for negatively supercoiled, 28 SSB could bind to the unwound DNA behind the fork stabilizing singlestranded regions. This region could act as a sink to recruit topoisomerase I that can then act ef®ciently to relieve the strain. The other potent relaxation activity in the cell, topoisomerase IV, 33 preferentially binds to crossovers in DNA. 34 Therefore, like gyrase, it would be expected to be unaffected by the presence of SSB. This might explain the partitioning of topoisomerase IV into primarily a decatenation function while topoisomerase I acts as the principal relaxation enzyme and gyrase as the sole supercoiling activity in the cell.
The diverse actions of various topoisomerases are responsible for the maintenance of the homeostatic balance in DNA topology in prokaryotic cells. A question not addressed until recently is the possible interaction of these topoisomerases with other cellular proteins, which would in¯uence their activity. Such in¯uence on topoisomerase activity though not essential, yet may play crucial role in overall balance of DNA topology. Many proteins involved in replication or other important processes could be possible candidates and here we have considered SSB to address this point. We believe that functional cooperation between DNA transaction proteins without direct interaction is a general phenomenon and is not restricted to the SSB-topoisomerase paradigm presented in this manuscript. Research efforts have concentrated mostly on providing evidence on direct interactions and the importance of indirect communications has not been appreciated. Indirect interactions could be amenable for genetic analyses and the SSB-113 allele 35 appears to be a representative of such mutants.
Materials and Methods
Purification of topoisomerases
MsTop was puri®ed as described by Bhaduri & Nagaraja. 36 EcoTop overexpressing plasmid was a kind gift from J.C Wang, Harvard University, Cambridge. EcoTop was puri®ed using the method of Lynn and Wang.
37 E. coli gyrase was puri®ed as described by Maxwell & Howells. 
Single strand binding proteins
EcoSSB was obtained from Bangalore Genei (P) Ltd. MtubSSB was a generous gift from U. Varshney.
Topoisomerase I relaxation assay
Ceasium chloride-puri®ed supercoiled pUC18 was used as substrate in the relaxation assay of topoisomerase I. The assay was performed in reaction mix of 20 ml containing 40 mM Tris-HCl (pH 8.0), 2.5 mM MgCl 2, 20 mM NaCl, 500 ng of pUC18 and 10 fmol of MsTop. EcoTop mediated relaxation reaction was carried out in 40 mM Tris-HCl (pH 8) containing 40 mM NaCl, 5 mM MgCl 2 and 1 mM EDTA. Reactions were stopped after 30 minutes by adding 0.4 % (w/v) SDS, 8 % (v/v) Ficoll, and 0.6 % (w/v) bromophenol blue and resolved on a 1.2 % agarose gel at 1V/cm for 12 hours. The DNA was visualized under UV after staining with ethidium bromide.
DNA gyrase relaxation and supercoiling assays
Relaxation by DNA gyrase was performed in assay buffer containing Tris-HCl (pH 7.6), 35 mM KCl, 25 mM MgCl 2, 2 mM spermidine, 0.36 mg/ml bovine serum albumin 9 mg/ml yeast tRNA, 6.5 % (w/v) glycerol, and 5 mM DTT at 37 C for 30 minutes with 500 ng of supercoiled pUC18. The reaction was stopped by adding 4 ml of agarose loading dye containing SDS to a ®nal concentration of 0.1 % and heating at 65 C. The DNA supercoiling reaction conditions were similar to relaxation assay except that relaxed pUC19 was used and 1.4 mM ATP was included in the assay buffer. All reactions contained 0.5 units of DNA gyrase. One unit is de®ned as the amount of enzyme required to completely supercoil or relax substrate DNA in 30 minutes at 37 C. The ethidium bromide stained gels were scanned using BIO-RAD Gel Doc 1000.
Electrophoretic mobility shift assay for covalent complex
For assessing covalent complex formation a 65-bp HinfI fragment of pUC19 containing STS for the enzyme was isolated as described. 19 Puri®ed topoisomerase I (20 fmol) was incubated along with 65-bp end-labeled (25000 cpm) DNA fragment in a reaction mixture containing 20 mM Tris-HCl (pH 8.0), 1 mM EDTA and 20 mM NaCl in the presence of different concentrations of SSB at 37 C for ten minutes. The DNA-protein covalent intermediate was arrested using 25 mM NaOH and neutralized after ®ve minutes using 25 mM HCl and 25 mM Tris-HCl (pH 8.0). The complexes were resolved by electrophoresing the reaction products for one hour at 150V through urea-8 % PAGE.
Non-covalent complex
A 32mer end-labeled DNA (TATTGGGCGCTCTTC CGCTTCCTCGCTCACTG) was annealed to its complementary strand. Non-covalent enzyme-DNA complexes were formed using 40 mM Tris-HCl (pH 8.0), 20 mM NaCl, 1 mM EDTA, 100 fmol of radiolabeled 32 mer duplex oligonucleotide and 5 fmol of MsTop by incubating on ice for ®ve minutes. The products were resolved by electrophoresing at 150 V for one hour through native 8 % (w/v) polyacrylamide gel (30:0.8) Figure 9 . In¯uence of SSB on E. coli DNA gyrase activity. (a) DNA gyrase relaxation assay, Lane 1, supercoiled pUC18, lane 9, relaxed DNA. Lanes 2-8 supercoiled pUC18 incubated with EcoSSB and DNA gyrase as indicated. The reaction was carried out in the relaxation buffer as described in Materials and Methods. (b) DNA gyrase supercoiling activity, Lane 1, relaxed pUC18; lane 9, supercoiled pUC18; lanes 2-8 relaxed pUC18 incubated with EcoSSB and DNA gyrase as indicated. The reaction was carried out at 37 C in the supercoiling buffer as described in Materials and Methods. Densitometric scans of both the reactions are shown. using 0.5Â TBE as the running buffer. The radioactivity associated with free and DNA protein complex were estimated by phosphoimager (Fuji ®lm; model BAS 1800).
Assay for unwinding activity of SSB Supercoiled plasmid pUC19 was linearized by digesting with BamHI. DNA was extracted with phenol chloroform and precipitated. T4 DNA ligase mediated intramolecular ligation of the DNA was then performed either in the absence or indicated amounts of SSB at 25 C. Reactions were stopped after eight hours by adding 0.4 % SDS, 8 % Ficoll, and 0.6 % bromophenol blue and resolved on a 1.2 % agarose gel at 1 V/cm for 12 hours. The DNA was visualized under UV after staining with ethidium bromide.
Immunoprecipitation
M. smegmatis topoisomerase I (300 ng) and MtubSSB (300 ng) were co-incubated in 40 mM Tris-HCl (pH 8.0) and 50 mM NaCl for ten minutes followed by the addition of anti-topoisomerase I polyclonal antibodies (200 mg/ml). After incubation for an hour, the immunocomplex was precipitated by the addition of 10 ml Protein-G agarose. The protein components in precipitate and supernatant were resolved on 10 % SDS-PAGE and analyzed by silver staining.
Gluteraldehyde crosslinking
M. smegmatis topoisomerase I (400 ng) and MtubSSB (400 ng) were co-incubated in 40 mM Tris-HCl (pH 8.0) and 50 mM NaCl for ten minutes. Following addition of gluteraldehyde (0.06 %) the reaction mix was further incubated for ten minutes, resolved on SDS-10 % PAGE and visualized by silver staining.
Gel filtration
Gel ®ltration analysis of topoisomerase I and SSB was performed at 8 C. Reactions containing MsTop (52 mg) and SSB (60 mg) in 100 ml were incubated in buffer containing 40 mM Tris-HCl (pH 8.0) and 50 mM NaCl or 150 mM NaCl for ten minutes and loaded onto Superdex 200 HR gel ®ltration column (Pharmacia) and eluted at low (50 mM) or high (150 mM) NaCl. Fractions of 200 ml were collected and analyzed in SDS-8 % PAGE.
Surface plasmon resonance
Monolayers of biotinylated oligonucleotides containing the STS. 39 were immobilized on a streptavidin chip (SA5). A 20 pmol sample of the 24mer oligonucleotide (5 H -biotin-AAGAATTCAGGTACCCGCTTCCAA) suspended in buffer containing 10 mM Hepes (pH 7.5), 200 mM NaCl and 2 mM EDTA was injected in continuous¯ow to immobilize the oligonucleotides corresponding to about 1000 response units (RU). The¯ow cell was washed with 20 mM Tris (pH 8.0), and 10 mM NaCl for 300 seconds. Topoisomerase I or SSB was immobilized to the DNA by injecting the small aliquots of the protein (125-500 nmol). Regeneration of the surface was achieved by injecting 60 ml of pUC19 DNA (1 mg/ml). The data obtained was analyzed by BIAevalution program 3.1, using BIAcore2000 (LKB-Pharmacia Biotech).
